An analysis has been carried out to study a problem of the chemical reaction effects on magnetohydrodynamics (MHD) mixed convective boundary layer flow with a fluid-particle suspension due to an exponentially stretching sheet. The effects of magnetic field and mass transfer are taken into account for the first time in the dusty fluid over the exponentially stretching sheet. The governing partial nonlinear differential equations corresponding to the momentum, energy and concentration are converted into a system of ordinary differential equations by using similarity transformations. The relevant dimensionless equations are then solved numerically using Runge-Kutta-Fehlberg fourth fifth order method (RKF45) with the help of Maple symbolic software. The influence of physical parameters on the velocity, temperature and concentration distributions for both phases were discussed numerically and presented in details through plotted graphs and tables. Also, the numerical values of skin friction coefficient, Nusselt and Sherwood number of the governing parameters are analyzed and discussed in details. The outcomes show that the reaction parameter affects the fluid flow whereas the magnetic field retards the fluid flow. A comparative study of the present results with the previous study provides an excellent agreement.
INTRODUCTION
The study on free, forced and mixed convection under the influence of different physical conditions past a continuous stretching surface has gained much attention by many researchers due to its numerous industrial applications. Few examples of such industrial manufacturing processes are glass-fibre/paper production, the extraction of plastic sheet, plastic films drawing, hot/cold rolling and the metal spinning. Wide varieties of this problem are dealing with heat and mass transfer involving boundary layer concept as reported in the literature. The study found that during some processes, the stretching motion and the simultaneous of heating and cooling have crucial effects on the quality of the final products. The boundary layer is normally defined as a thin layer of fluid near the neighborhood of the solid boundary when a real fluid flows past a body.
The idea of boundary layer concept over a moving continuous solid surface (sheet issuing) was very well documented by Sakiadis [1, 2] , who derived the approximate and exact solutions for the laminar velocity field. Motivated by Sakiadis's work, analytical and experimental approach of the heat transfer characteristics effects on a continuous moving surface has been analysed by Tsou [3] . Works on finding the solution to linear stretching sheet problem have also been done by Crane [4] .
However, there were also investigations on the problem of boundary layer flow that use a non-standard stretching. A paper by Gupta and Gupta [5] on the heat and mass transfer on stretching sheet surface may be referred. The authors pointed out that this geometry may not always be linear. This assuming has been agreed by Kumaran and Ramanaiah [6] in the short article entitled 'A Note on the Flow over a Stretching Sheet'. In this paper, they considered quadratic stretching sheet for solving the boundary layer flow problem. Magyari and Keller [7] presented a similarity solution using both analytical and numerical for the heat and mass transfer of a flow over an exponentially stretching sheet. Sajid and Hayat [8] solved analytically the problem of viscous fluid in boundary layer flow and heat transfer by considering radiation effect. The research of viscous fluid flow over an exponentially stretching sheet has been extended by Ishak [9] and Bidin and Nazar [10] .
Later on, many researchers have made an attempt to study the effect of buoyancy force and chemical reaction on boundary layer flow such as by Pal [11] , Ali and Yousef [12] , Sharada and Shankar [13] , Srinivasacharya and Ramreddy [14] , Patil et al. [15] and Bhattacharyya [16] . The analytical and numerical results were obtained and it is shown that both buoyancy force and chemical reaction affects the fluid flow. It is worth mentioning that in most of the chemical engineering 
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process, a chemical reaction is present in between a foreign mass and the fluid. Hence, the study of heat and mass transfer in the presence of chemical reaction effect is also significant in chemical and hydrometallurgical.
The previous works focus on the effects of magnetic field parameter, mixed convection parameter and also chemical reaction parameter that affects the single-phase fluid flow characteristic. In facts, interest in the two-phase boundary layer flow has increased considerably in recent years due to the circumstance of these fluids in many industrial and technological applications. This scenario happened because single phase mechanisms are not relevant to be used to describe the nature of fluids that exist in daily life. Theoretically, the analysis of fluid flows embedded with dust particles is more interesting due to the assumptions made in the component form.
The simplest model for two-phase fluids flow was formerly proposed by Saffman [17] that discussed the stability of laminar flow of a dusty gas. In that research, the author proposed the equation that describes the flow of the gas-particle mixture. The author is confident that the proposed model and assumption on dust particles may offer some interest to the researchers worldwide. This is true when there are many researchers studied the multiphase flow in the different form of geometries and considered some effects that act on the flow motion. For instance, extensive studies on the topic of two-phase flow specifically related with Saffman's model have been conducted by Nayfeh [18] , Marble [19] , Chakrabati [20] , Soo [21] and Drew [22] .
Also, without considering any effects on the flow, Siddiqa et al. [23] investigated the mathematical formulation of two-phase natural convection flow of dusty fluid in details. The study refers to a wide range of Prandtl number (0.005-1,000) and they found that when mass concentration parameter or Prandtl number is high, a very thin boundary layer is created. In addition, many researchers interested in the investigation of multiphase flow of fluid embedded with dust particles by considering different physical conditions include Venkataraman et al. [24] , Krishna et al. [25] , Isa and Ali [26] and Gireesha et al. [27, 28] .
However, all above literature survey limited their interest to the study of heat transfer boundary layer flow. The analysis of heat and mass transfer of fluid-particle suspensions is significant for a variety of reasons related to many practical applications. Saidu et al. [29] studied the effects of magnetohydrodynamics on the convective flow of dusty viscous fluid in the presence of volume fraction. Very recently, K.L Krupa et al. [30] numerically analyzed the heat and mass transfer of dusty fluid flows past a linearly stretching sheet. The authors, however, do not consider buoyancy force and chemical reaction in their investigation.
To date, the problem on mixed convection flow of a dusty fluid with chemical reaction effect past over exponentially stretching sheet has not been addressed. The governing partial nonlinear different equations of the flow, heat and mass transfer are converted into a system of ordinary differential equations by using similarity transformation. The transformed equations are then solved by using a numerical method. The effects of several dimensionless governing parameters on flow, temperature and concentration profiles are presented. We summarized our results in the following tables and then conclude our findings.
FORMULATION OF THE PROBLEM Assumptions
This present work is considered a steady two-phase fluid flow by Saffman's model. The fluid is a two-dimensional incompressible flow past an exponentially stretching sheet. Along with this, heat and mass transfer are assumed to take place in the flow. The motion of fluid phase is influenced by buoyancy force. Also, some assumptions have been made for particle suspension [19] . The particles are uniformly distributed throughout the fluid. The shape of dust particles is a sphere.
The particles are rigid and all having the same mass and radius. However, the particles are considered as non-interacting and we neglect the volume fraction of solid particles in this work. Not to mention that the number density of the dust particle is constant throughout the flow. In view of the Cartesian coordinate system, x-axis is taken in the direction along the stretching sheet while y-axis is perpendicular to it. The plate is assumed to be stretched with exponential velocity ( ) e 
Governing Equations
Under this assumption, the flow of a dusty fluid are governed by the following equations For the fluid phase:
For the dust phase:
together with boundary condition on velocity,
Where (  are the number density of the dust particles, fluid density, electrical conductivity, magnetic field strength, acceleration of gravity and coefficient of thermal expansion.
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Ka   denotes the Stokes's drag which is a frictional force of viscosity on small spherical particles moving through a viscous fluid at a lower rate of motion. Notice that in equation (1), there exist an extra force term due to the interaction between fluid and particle.
The following similarity variable  and non-dimension variables are introduced in order to convert the governing partial differential equations to a set of coupled non-linear ordinary differential equations (ODE)
Here, () f  is a non-dimensional stream function. Using the similarity equations above, Equation 1 and 3 are satisfied. Equation 2 and 4 are then reduced to the following non-linear ODE of fluid motion
with the new boundary conditions in terms of ( 
Heat and Mass Transfer Analysis
The governing steady, heat and mass transfer equations for both phases in the presence of chemical reaction are given by For the fluid phase: 
Inserting equation (15) into equation (10) - (14), yield the transformed ODE;
with boundary conditions for the temperature and concentration
where Pr 
NUMERICAL SOLUTION OF THE PROBLEM
The non-linear partial differential equations (PDE) are converted into a set of non-linear ODE (7)- (8), (16) Pal [11] and Chaudhary et al. [31] in order to verify the accuracy of the employed method as indicate in Table 1 . 
RESULTS AND DISCUSSION
A study on two-dimensional hydromagnetic fluid flow and mass transfer of dusty fluid over an exponentially stretching sheet in presence of chemical reaction is considered. Throughout the numerical study, we used 0.5, Then, the velocity for both phases will be the same. Figure 2 is plotted for both fluid and dust phase to see the variation of Eckert number on the temperature profile. This figure shows that a rise in the value of Ec parameter increases the temperature profile for both phases. In fact, enhancement in Eckert number parameter implies more heat energy dissipating throughout the boundary layer due to the frictional heating (drag force). Hence, this will cause the temperature field increase for both fluid and dust phase.
The influences of mass concentration of dust particle on velocity and concentration distributions are shown in Figures 3a-3b . We observed that the effects of dust particles mass concentration are to decelerate the velocity and concentration of the fluid flow at any point for both phases. This may happen due to the internal friction effects occurs in between the particle and clean air.
To illustrate the effects of mixed convection parameter that act on the fluid, the variation of velocity, temperature and concentration profiles are demonstrated in Figures 4a-4c , respectively. We observed that the increase in mixed convection parameter accelerate the fluid flow for both fluid and dust phase but reduce the temperature and concentration profile. Also, in the matter of mixed convection, we have observed that temperature is low for assisting flow and high for opposing flow. In consequence, as the buoyancy effect increase, the cooling surface will increase, hence reduce the temperature profile. Figure 5a and 5b show the chemical reaction effect on velocity and concentration profiles. Both figures illustrate that the velocity and concentration decrease with an increase in the values of Kr . This behavior may happen due to an enhancement in the interfacial mass transfer, which then diminishes the species concentration. Thus, it is true to conclude that chemical reaction affects the diffusion rate. Increasing the values of Pr number decrease the temperature profile. In heat transfer problem, we found that smaller Prandtl number leads to lower the viscosity and higher the thermal conductivity. This is true due to the physical fact; Prandtl number is the ratio of momentum diffusivity to thermal diffusivity. As a result, the ability of thermal diffusivity is dropped when Pr enhances in values correspond to the thinner thermal boundary layer for both phases. Thus, it is worth to conclude that value of Pr depends on the thermal conductivity of the particular fluid. Besides, the concentration profile in the boundary layer is declined as expected by increasing the values of Schmidt number. In view of mass transfer problem, one should know that the mass analog of the Prandtl number is Schmidt number, which is a ratio of viscosity to mass diffusivity. Physically, the mass diffusivity declines when Sc increases. Due to that, the lower the Schmidt number, the higher the concentration of the species. The influence of magnetic field parameter on velocity, temperature and concentration profiles are shown in Figure 8 . It shows that velocity profiles for both phases decrease with a rise in the values of M . This result is obvious because a resistive type force (so-called Lorentz force) will be produced by applying the transverse magnetic field normal to the flow direction in an electrically conducting fluid. Lorentz force has a tendency to delay the motion of fluid flow and boost the temperature field. As a result, the velocity profiles for both phases decelerates rapidly. 
